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(54) Surface treatment method and surface treatment apparatus 

(57) A subject (W) which is to be treated and on 
which an oxide film is formed, is carried into a treatment 
vessel (10), and the treatment vessel is maintained 
under vacuum. A mixture gas of N 2 gas and H 2 gas is 
introduced into a plasma generation section (30), 
plasma is generated, and activated gas species of the 
N 2 and gases are formed. The activated gas species 
are caused to flow toward the subject, and an NF 3 gas 
is added to the activated gas species and activated to 
generate an activated gas of Nfe, H 2 and NF 3 gases. The 
subject (W) is cooled to not higher than a predeter- 
mined temperature by a cooling means and reacted 
with the activated gas of NF 3 gas. The oxide film is thus 
degenerated into a reactive film. When the supply of N 2 , 
H2 and NF 3 gases into the treatment vessel (10) is 
stopped, the subject is heated up to a predetermined 
temperature by a heating means, and the reactive film is 
sublimated and eliminated. Thus, a surface treatment 
method for removing the oxide film from the subject and 
a surface treatment apparatus for doing the same are 
disclosed. Furthermore, the surface treatment appara- 
tus and other treatment apparatuses constitute a cluster 
system capable of carrying the subject in an unreactive 
atmosphere. 
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Description 

[0001] The present invention relates to a surface 
treatment method for removing an oxide f flm and a con- 
taminant, especially a native oxide film and an oxide, s 
from the surface of a subject to be treated, such as a 
semiconductor wafer, and a surface treatment appara- 
tus for doing the same. 

[0002] In a general manufacturing process of a 
semiconductor integrated circuit (referred to as a semi- 10 
conductor device hereinafter), a substrate to be treated, 
such as a semiconductor wafer, repeatedly undergoes 
predetermined deposition and pattern etching to form a 
number of semiconductor devices on the substrate. 
[0003] In order to treat a subject such as a semicon- 75 
ductor wafer (referred to as a wafer hereinafter), the 
wafer needs to be carried between treatment appara- 
tuses. It was therefore actually difficult to prevent a 
wafer from being exposed to the atmosphere. When a 
wafer was exposed to the atmosphere, its surface 20 
reacted with oxygen and moisture in the atmosphere to 
easily form a so-called native oxide film thereon. More- 
over, it was likely that a contaminant such as a chemical 
oxide would be adhered to the surface of the wafer due 
to the atmosphere, treatment gas, treatment liquid and 25 
the like during various types of treatment 
[0004] The above native oxide film and contaminant 
degrade the characteristics of semiconductor devices, 
such as electrical characteristics. To avoid this, surface 
treatment for removing a native oxide film or the like so 
from the surface of a wafer is carried out as pre-treat- 
merrt for deposition on the wafer. 
[0005] As the pre-treatment. wet cleaning was gen- 
erally adopted in which a wafer is soaked into chemicals 
to remove a native oxide film from the surface of the 35 
wafer. As semiconductor devices are improved in 
degree of integration, the device size such as trace 
widths, and diameters of contact holes or via holes, is 
decreased. For example, the aspect ratio of a contact 
hole is increased and the diameter thereof is decreased *o 
down to 0.2 um to 0.3 ^im or smaller (e.g., 0.12 jim). 
Because of such a scale-down structure, in the above 
wet cleaning, chemicals were neither soaked suffi- 
ciently into the small contact hole nor discharged there- 
from due to surface tension, thus causing a serious 45 
problem in which a native oxide film could not be com- 
pletely removed from the bottom of the contact hole or a 
water mark was produced. 

[0006] The following problem was also caused. 
When a subject to be treated, which has a multilayer so 
structure including a plurality of layers, undergoes wet 
cleaning, the wall of a contact hole becomes irregular 
since the layers constituting the wall vary in etching rate. 
FIGS. 8A and 8B illustrate a contact hole 302 which 
electrically contacts drain and source regions. The ss 
diameter D of the contact hole 302 shown in FIG. 8A 
ranges from 0.2 um to 0.3 jim. The wall of the contact 
hole 302 has. as shown in FIG. 8A, a multilayer struc- 



ture of, e.g., three silicon oxide (SiO) films formed by a 
plurality of deposition steps. The three-layer structure 
includes a first SiO film 304 formed by thermal oxida- 
tion, a second Si0 2 fflm 306 constituted of a phospho- 
rus-doped glass by the spin coat technique, and a third 
SiO film 308 constituted of silica glass. Referring to FIG. 
8A. a native oxide film 310 is generated at the bottom of 
the contact hole 302. 

[0007] The rate of etching using chemicals varies 
from layer to layer in the wet cleaning. The conventional 
wet cleaning has the following drawback. After the wet 
cleaning is performed to remove a native oxide film 310, 
as shown in FIG. 8B, irregularities 309 occur on the 
side-walls of the contact hole 302 due to variations in 
etching rate and a boundary between adjacent layers is 
etched excessively (see the cut portions) since the 
chemicals are easy to enter the boundary. 
[0008] In order to resolve the above drawback of the 
conventional wet cleaning, a method of removing a 
native oxide f flm from a subject to be treated using etch- 
ing gas, i.e., a so-called dry cleaning (etching) method 
is proposed in, for example, Jpn. Pat. Appln. KOKAI 
Publications Nos. 5-275392, 6-338478, and 9-106977. 
[0009] FIG. 9 shows a prior art dry etching appara- 
tus for dry-etching an Si0 2 film by the dry cleaning 
method as disclosed in the above No. 5-275392 Publi- 
cation. The dry cleaning method for eliminating a native 
oxide film from a subject to be treated, will now be 
described with reference to FIG. 9 showing the dry etch- 
ing apparatus. 

[0010] In the apparatus shown in FIG. 9, an 
open/close valve 450 is closed to cut off Ar gas from an 
Ar-gas source 454. Open/close valves 436 and 438 are 
opened to supply NF 3 gas and H2 gas from an NF 3 -gas 
source 444 and an H 2 -gas source 446 to a pipe 432 by 
controlling their flow rates by means of flow-rate control- 
lers (MFC) 440 and 442. In the pipe 432, both the NF 3 
gas and H2 gas are mixed at a mixing ratio of 1 :2 into a 
mixed gas having a total pressure of 0.2 Torr. A 2.45- 
GHz-frequency, 50-w-power microwave is supplied from 
a magnetron into the pipe 432 via a microwave 
waveguide 448, and the mixed gas thus becomes 
plasma therein. A fluorine active species F*. a hydrogen 
active species H*. and a nitrogen active species N*. 
which are generated by the plasma, move toward a 
chamber 410 within the pipe 432 and enter a buffer 
chamber 430 of the chamber 410. These species are 
then supplied downstream through a porous plate 428 
onto a wafer W placed on a susceptor 412. The wafer W 
is cooled by a chiller which is supplied from a chiller 
supply unit 41 8 and cooled to not higher than room tem- 
perature. The active species F*, IT and N* supplied to 
the cooled wafer W, are adsorbed by the native oxide 
film on the surface of the wafer W and react to SiO into 
a product. This product is vaporized and exhausted 
from an exhaust nozzle 460 provided at the bottom of 
the chamber 41 0 by a vacuum pump 466. 
[001 1 ] In the foregoing prior art method of removing 
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a native oxide film from the surface of a cooled wafer by 
fluorine, hydrogen and nitrogen active species P, H* 
and N* produced by plasma (Jpn. Pat. Appln. KOKAI 
Publication No. 5-275392), NF 3 is changed into plasma 
and thus dissolved into fluorine and nitrogen active spe- 
cies F* and N\ so that no NF 3 active gas can be gener- 
ated efficiently. Since, moreover, H 2 has difficulties in 
maintaining the plasma state by itself, it is difficult to 
secure an etching rate enough to remove the native 
oxide film. 

[0012] In another method of removing a native 
oxide film by dry cleaning (Jpn. Pat Appln. KOKAI Pub- 
lications Nos. 6-338478 and 9-106977), it is also difficult 
to secure an etching rate enough to remove a native 
oxide film since an H2 gas is used alone. 
[001 3] Accordingly, the object of the present inven- 
tion is to provide a surface treatment method and a sur- 
face treatment apparatus which resolve the problems of 
the prior art oxide-film removing method described 
above. In the present invention, in order to remove an 
oxide film having a thickness of 1 0A to 20 A from the sur- 
face of a subject to be treated, H 2 and Nfe gases are 
mixed into plasma gas, and an NF 3 gas (a reactive gas) 
is added to the plasma during the flow of active species 
of the mixture gas. The subject to be treated is cooled to 
not higher than room temperature, and the oxide film on 
the subject reacts with the reactive gas to form a reac- 
tive film. After that, the subject to be treated is heated to 
a given temperature or higher, and the reactive film is 
removed from the surface of the subject 
[0014] According to a first aspect of the present 
invention, there is provided a surface treatment method 
comprising the steps of: 

carrying a subject to be treated, which has an oxide 
on a surface thereof, into a treatment vessel; 
evacuating the treatment vessel to produce a vac- 
uum; 

introducing gas containing N and H gases into a 
plasma generation section, generating plasma from 
the gas, and activating the plasma to generate an 
activated gas species of N and H gases; 
causing the activated gas species to flow toward 
the subject and adding an NF 3 gas to the activated 
gas species to generate an activated gas of NF 3 
gas; 

cooling the subject to not higher than a predeter- 
mined temperature; and 

reacting the activated gas of NF 3 gas with the oxide 
on the surface of the subject to degenerate the 
oxide into a reactive film. 

[0015] Preferably, in the above surface treatment 
method, the gas containing N and H gases is a mixture 
gas of N 2 and H 2 gases, and the method further com- 
prises the steps of: 

stopping supply of N 2 , H 2 and NF 3 gases into the 



treatment vessel and heating the subject to a pre- 
determined temperature to sublimate the reactive 
fOm, after the step of degenerating the oxide into 
the reactive film; and 
s stopping evacuation of the treatment vessel and 
taking the subject, from which an oxide film is 
removed, out of the treatment vessel. 

[0016] Preferably, in the above surface treatment 
10 method, the predetermined temperature at which the 
subject is cooled, is not higher than room temperature. 
[0017] Preferably, in the above surface treatment 
method, the predetermined temperature at which the 
subject is cooled, ranges from 20°C to -20°C. 
15 [0018] Preferably, in the above surface treatment 
method, the predetermined temperature at which the 
subject is cooled, ranges from 10°C to -20°C. 
[0019] Preferably, in the above surface treatment 
method, the predetermined temperature at which the 
20 reactive fflm is sublimated, is not lower than 100°C. 
[0020] According to a second aspect of the present 
invention, there is provided a surface treatment appara- 
tus comprising: 

25 a plasma generation section for generating plasma 
from a plasma generating gas; 
a treatment vessel connected to the plasma gener- 
ation section and including a susceptor on which a 
subject to be treated is placed; 

30 cooling means for cooling the subject placed on the 
susceptor to a predetermined temperature; 
lifting means for lifting the subject to a heating posi- 
tion in the treatment vessel; and 
heating means for heating the subject to a predeter- 

35 mined temperature in the heating position. 

[0021] Preferably, the above surface treatment 
apparatus is an apparatus for removing a native oxide 
film from a surface of the subject to be treated. 
40 [0022] Preferably, the above surface treatment 
apparatus further comprises: 

a plasma generating gas introduction section for 
introducing and H 2 gases to the plasma genera- 

45 tion section as a plasma generating gas; and 

an NF 3 -gas supply section for adding an NF 3 gas to 
an activated gas species of N 2 and H 2 gases acti- 
vated by the plasma generation section and caused 
to flow toward the subject to be treated, and 

so an activated gas of NF3 gas is generated by adding 
the NF3 gas to the activate gas species, and the 
activated gas is reacted with a surface layer of the 
subject to degenerate the surface layer. 

55 [0023] Preferably, in the above surface treatment 
apparatus, the predetermined temperature at which the 
subject placed on the susceptor is cooled, is not higher 
than room temperature. 
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[0024] Preferably, in the above surface treatment 
apparatus, the predetermined temperature at which the 
subject placed on the susceptor is cooled, ranges from 
20°C to -20°C. 

[0025] Preferably, in the above surface treatment s 
apparatus, the predetermined temperature at which the 
subject placed on the susceptor is cooled, ranges from 
10°Cto-20°C. 

[0026] Preferably, in the above surface treatment 
apparatus, the predetermined temperature at which the 10 
subject is heated at the heating position, is not lower 
than 100°C. 

[0027] Preferably, in the above surface treatment 
apparatus, the NF 3 -gas supply section includes a 
number of gas exhaust holes formed in an inner wall of is 
the treatment vessel. 

[0028] Preferably in the above surface treatment 
apparatus, the NF 3 -gas supply section includes a ring- 
shaped or grid-shaped shower head having a number of 
gas exhaust holes provided in the treatment vessel. 20 
[0029] Preferably, in the above surface treatment 
apparatus, the NF 3 -gas supply section supplies the NF 3 
gas to the activate gas species in position at least 20 cm 
away from an end of the plasma generation section in a 
direction of the subject to be treated. 25 
[0030] Preferably, in the above surface treatment 
apparatus, the heating means is heat radiation means 
provided above the subject to be treated. 
[0031] Preferably, in the above surface treatment 
apparatus, the heating means is a heating lamp pro- 30 
vided above the subject to be treated. 
[0032] According to a third aspect of the present 
invention, the surface treatment apparatus of the above 
second aspect comprises a cluster system including at 
least one metal-wiring forming chamber, a heating 35 
chamber, and a load-lock chamber such that the subject 
is carried through a carrier chamber in an unreactive 
atmosphere. 

[0033] Preferably, the above duster system 
includes at least one metal-wiring forming chamber, a 40 
heating chamber, a cooling chamber, and a load-lock 
chamber such that the subject is carried through a car- 
rier chamber in an unreactive atmosphere. 
[0034] Preferably, in the above cluster system, the 
metal-wiring forming chamber is a chamber for forming 45 
a film of at least one of Al, Ti, TIN, Si, W, WN, Cu, Ta. 
TaN and SiN. 

[0035] Preferably, in the above cluster system, the 
metal-wiring forming chamber includes means for heat- 
ing the subject to a temperature of 1 00°C or higher. so 
[0036] This summary of the invention does not nec- 
essarily describe all necessary features so that the 
invention may also be a sub-combination of these 
described features. 

[0037] The invention can be more fully understood ss 
from the following detailed description when taken in 
conjunction with the accorrpanying drawings, in which: 



FIG. 1 is a schematic block diagram showing a sur- 
face treatment apparatus according to an embodi- 
ment of the present invention; 
PIG. 2A is a plan view of one example of a wafer lift- 
ing mechanism which can be applied to the surface 
treatment apparatus shown in FIG. 1 ; 
FIG. 2B is a side view of the wafer lifting mecha- 
nism shown in FIG. 2A; 

FIG. 3A is a plan view showing a ring-shaped 
shower head as an alternative to an NF 3 -gas sup- 
ply section (shower head) which is applicable to the 
surface treatment apparatus of FIG. 1 ; 
FIG. 3B is a plan view showing a grid-like shower 
head as an alternative to the NF 3 -gas supply sec- 
tion which is applicable to the surface treatment 
apparatus of FIG. 1, the grid-like shower head 
being viewed from the susceptor side; 
FIG. 4 is a flowchart of respective steps of a surface 
treatment method according to the present inven- 
tion; 

FIG. 5A is an enlarged view showing a native oxide 
film adhered to a wafer in order to describe the sur- 
face treatment method of the present invention; 
FIG. 5B is an enlarged view showing a reactive f 3m 
formed on the surface of the wafer in order to 
describe the surface treatment method of the 
present invention; 

FIG. 5C is an enlarged, schematic view showing a 
mixture gas of Si, N, H, F and O, which is subli- 
mated and removed from a protective film by heat- 
ing of a lamp, in order to describe the surface 
treatment method of the present invention; 
FIG. 6 is a conceptual diagram of a vacuum cluster 
system constituted by a combination of a heating 
unit and a wiring-forming unit when the surface 
treatment apparatus shown in FIG. 1 is employed 
as a native oxide film removing apparatus; 
FIG. 7 is a conceptual diagram of a vacuum cluster 
system constituted by a combination of a heating 
unit, a wiring-forming unit and a cooling unit when 
the surface treatment apparatus shown in FIG. 1 is 
employed as a native oxide film removing appara- 
tus; 

FIG. 8A is an enlarged view showing a native oxide 
film adhered to the bottom of a contact hole of a 
wafer in order to describe a prior art surface treat- 
ment method of removing the native oxide film; 
FIG. 8B is an enlarged, schematic view showing 
irregularities caused on the side wall of the contact 
hole due to variations in etching rate in order to 
describe the prior art surface treatment method; 
FIG. 9 is a schematic view of a prior art etching 
apparatus which is applied to a method of removing 
a native oxide film by etching using a neutral gas 
species mixing NF 3 and H 2 gases; 
FIG. 10 is a conceptual diagram illustrating an alter- 
native to an NF 3 -gas supply section which is appli- 
cable to the surface treatment apparatus of the 
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present invention; and 

FIG. 11 is a diagram showing a relationship 
between wafer-cooling temperature and etching 
rate. 

[0038] A surface treatment method and a surface 
treatment apparatus according to an embodiment of the 
present invention will now be described with reference 
to the accompanying drawings. 
[0039] First, the surface treatment (oxide removal) 
apparatus will be descrfoed. 

[0040] FIG. 1 is a conceptual block diagram of a 
surface treatment apparatus 1 according to the present 
invention. The apparatus 1 can be used for removing a 
contaminant having a thickness of 10A to 20A, which is 
caused on the surface of a subject to be treated. The 
contaminant is. for example, a native oxide film or a 
chemical oxide naturally adhered to or formed on the 
surface of the subject, and referred to as a native oxide 
film hereinafter. The subject to be treated is, for exam- 
ple, a semiconductor wafer and referred to as a wafer W 
hereinafter. As shown in FIG. 1, the surface treatment 
apparatus 1 corrprises a plasma generation pipe 30 for 
generating plasma from a mixture of N 2 and H 2 gases 
and activating the plasma, a treatment vessel 10 for 
removing the native oxide film from the surface of the 
wafer W, and a reactive-gas supply pipe 26 for supply- 
ing an NF 3 gas (reactive gas) from an NF 3 -gas source 
into the treatment vessel 10. 

[0041 ] The treatment vessel 1 0 is constituted of alu- 
minum materials and its inner wall is provided with 
quartz (S1O2) linings 13 and 14 to be protected from 
metal pollution, erosion or the like. The treatment vessel 
10 can be formed as a housing whose transverse plane 
may have various shapes such as a circle, a square and 
a polygon. A bottom plate 12 having a predetermined 
thickness is fixed to the bottom of the treatment vessel 
1 0. A base 29 is disposed on the bottom plate 1 2, and a 
cylindrical susceptor 20 is provided on the base 29. The 
wafer W is placed on the top of the susceptor 20 and 
clamped by a quartz-made clamp ring 21 . A jacket (or a 
pipe) 22 for holding a chiller and a heat exchanger 23 
are included in the susceptor 20. The jacket 22 and heat 
exchanger 23 can be formed integrally as one compo- 
nent. The chiller is supplied from a chiller supply unit 42 
into the jacket 22 through a cooling pipe 43 to cool the 
wafer W down to a given temperature, such as a tem- 
perature not higher than room temperature. 
[0042] The susceptor 20 is provided with a wafer- 
lifting means. The wafer-lifting means is a mechanism 
for lifting the wafer W up to a given heating position (L2) 
from the susceptor 20 to heat the wafer W and, after 
predetermined treatment lowering the wafer W and 
returning it on the susceptor 20. and includes a pin-driv- 
ing mechanism 25, supporting pins 24a, and arms 24. 
An example of the wafer-lifting means is illustrated in 
FIGS. 2A and 2B. The pin-driving mechanism (hydraulic 
cylinder) 25 is disposed under the base 29 formed at the 



bottom of the treatment vessel 10, and a horseshoe 
supporting piece 24b is fixed to the end portion of a cyl- 
inder rod 25a of the cylinder 25. The arms 24 extend 
inward along the radial direction of the wafer W, and the 

5 supporting pins 24a are fixed to their respective points 
(three points) of the arms 24. The supporting pins 24a 
each have an upward-protruding peak portion at one 
end, and the wafer W is thus held horizontally by these 
three peak portions of the supporting pins 24a. To heat 

10 the wafer W using a heat radiation means (a heating 
lamp) 1 9. it is lifted up to the heating position (L2) shown 
in FIG. 1. 

[0043] Exhaust pipes (e.g., four exhaust pipes) 40 
are arranged on the periphery of the bottom plate 12 

75 fixed to the bottom of the treatment vessel 10. An 
exhaust means (e.g., a vacuum pump) 41 is connected 
to these exhaust pipes 40 to evacuate the treatment 
vessel 10 to produce vacuum. 
[0044] A top plate 11 (made of, e.g., aluminum 

20 materials) is fixed to the top of the treatment vessel 1 0. 
A quartz-made cover (dome) 15 having a flange section 
16 is formed on the top plate 1 1 , with a sealing member 
(e.g., a rubber-made O-shaped ring) 17 interposed ther- 
ebetween. The cover 15 can be formed integrally with 

25 the quartz-made plasma generation pipe 30 as one 
component and may have various shapes such as a flat 
one and a domed one. Monitor devices such as a pres- 
sure sensor can be provided at a sealing section includ- 
ing the sealing member 17. These monitor devices 

30 monitor a sealing pressure of the sealing section, a gas 
leak from the sealing section, and the like. 
[0045] A number of heating lamps 19 are provided 
above the cover 15 as a heat radiation means for heat- 
ing the wafer W from above. As the heating lamps 19, 

35 halogen lamps can be employed such that the wafer W 
can be heated quickly. The heat waves radiated from 
the heating lamps 19 enter the surface of the wafer W 
lifted up to the heating position, through the transparent 
quartz-made dome 15, thereby heating the wafer W up 

40 to a temperature of 1 00°C or higher (e.g. , 1 20°C) . 
[0046] Since the heating lamps 19 are covered with 
a cover 18 made of metal or the like, they can be pre- 
vented from radiating heat waves and light rays to the 
outside and, even when the quartz-made dome 15 is 

45 broken, plasma gas or reactive gas can be prevented 
from diffusing and leaking to the outside. 
[0047] A gate valve 1 0a is provided on the side wall 
of the treatment vessel 1 0 to communicate with a carrier 
chamber, a load-lock chamber, and the like. The gate 

so valve 10a is opened and closed when the wafer W is 
carried in and out. 

[0048] Usually the inner surface of the gate valve 
10a need not be protected by quartz because the metal 
surface of the treatment vessel 10 is hardly etched by 
55 NF 3 gas. Coating of the metal surface with quartz is 
generally performed in order that the metal surface can 
prevent the lifetime of species activated by plasma from 
being shortened. In this sense, it is favorable to coat the 
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inner surface of trie gate valve 10a with quartz, too. 
[0049] The quartz-made plasma generation pipe 30 
can be provided in the upper central part of the quartz- 
made cover 15 integrally with each other by melting 
contact, and it is opened to the treatment vessel 10 in 
the center of the cover 15 to introduce plasma into the 
vessel 10. For generation and introduction of plasma, 
any structure capable of uniform surface treatment can 
be adopted. For example, plasma can be introduced 
from an opening shifted from the center of the cover 15 
or from the side of the treatment vessel 10. 
[0050] An introduction section 33 for introducing a 
plasma generating gas is connected to the upper end 
portion of the plasma generation pipe 30. Both Nfe and 
H 2 gases are supplied from N 2 and H 2 gas sources 35 
and 36 to a gas passage 33a through a flow-rate con- 
troller (MFC) 34. A mixture (N2+H2) of these gases is 
supplied to a plasma generation section of the plasma 
generation pipe 30 inside a plasma cavity 31 through 
the introduction section 33. 

[0051] A microwave generator 32 is connected to 
the plasma cavity 31. A microwave of, e.g., 2.45 GHz, 
which is generated from the microwave generator 32, is 
applied to the plasma cavity 31 to excite the plasma 
generating gas in the plasma generation pipe 30. acti- 
vate the mixture of N 2 and gases, and form active 
gas species of N* and H* radicals. These active gas 
species are introduced into the treatment vessel 10 
from an opening 30a of the plasma generation pipe 30. 
[0052] A number of gas exhaust nozzles 26a for 
supplying an NF 3 gas are arranged in position L 1 under 
the opening 30a of the plasma generation pipe 30. The 
position L1 is at least 20 cm or more, preferably 30 cm 
or more away from the lower end of the plasma cavity 31 
of the plasma generation pipe 30 (plasma generation 
section). A given amount of NF 3 gas is supplied to the 
gas exhaust nozzles 26a through an NF 3 -gas source 
28, a flow-rate controller (MFC) 27, a conduction pipe 
26, a pipe 26b surrounding the outer wall of the treat- 
ment vessel 10, and a conduction pipe 26c penetrating 
the wall of the vessel 10. 

[0053] The gas exhaust nozzles 26a shown in FIG. 
1 are protruded slightly inward from the inner wall of the 
treatment vessel 10. However, neither the gas exhaust 
nozzles 26a nor the gas supply section from the con- 
duction pipe 26 to the gas exhaust nozzles 26a is lim- 
ited to the structure shown in FIG. 1 . Another gas supply 
section is illustrated in FIG. 10. Referring to FIG. 10. a 
pipe 26b and conduction pipes 26c are provided in the 
treatment vessel 10 made of aluminum. These pipes 
26b and 26c can be formed integrally with the inner wall 
of the treatment vessel 10. Gas exhaust nozzles 26a 
are provided so as not protrude from the inner wall of 
the vessel 10, which allows gas to be diffused uniformly 
in the treatment vessel 1 0 and does not disturb a flow of 
plasma from the upper reaches. 
[0054] A shower head 261b is illustrated in FIG. 3A 
as an alternative to the gas exhaust nozzles 26a shown 



in FIG. 1. The shower head 261b is shaped like, a ring 
and made of quartz. The shower head 261b has a 
number of gas exhaust nozzles 261a. These nozzles 
261a are arranged on the circumference of the shower 

5 head 261b so as to be directed in the downward direc- 
tion (in the direction of the susceptor 20), the lateral 
direction, or the slanting direction. A conduction pipe 
261 is connected to the ring-shaped shower head 261a. 
The shower head 261a is located horizontally in a given 

10 position within the treatment vessel 10 to supply NF 3 
gas into the treatment vessel 10. 
[0055] FIG. 3B shows a grid-like shower head 262b 
having a number of gas exhaust nozzles 262a. In this 
shower head 262b, too, the gas exhaust nozzles 262a 

is can be arranged in the downward direction, lateral 
direction, or the slanting direction. 
[0056] Furthermore, a means (not shown) for regu- 
lating the flow of plasma gas can be provided at the 
opening 30a of the plasma generation tube 30. The reg- 

20 ulating means can be formed as a cylindrical or 
umbrella cover which is opened from the opening 30a 
toward the susceptor 20. 

[0057] A method of treating a surface (removing a 
native oxide film) by the foregoing surface treatment 
zs apparatus, will now be described with reference to the 
flowchart of FIG. 4. 

STEP (a): 

30 [0058] When the gate valve 1 0a of the surface treat- 
ment apparatus 1 shown in FIG. 1 is opened, a single 
wafer W is carried from the carrier chamber into the 
treatment vessel 10 through the gate valve 10a in an 
unreactive atmosphere (e.g., in a vacuum), placed on 

35 the susceptor 20, and clamped to the susceptor 20 by 
the clamp ring 21. In the preceding step, a contact hole 
302 is formed in the wafer W as shown in FIG. 8A, and 
an oxide 80 such as a native oxide film is formed at the 
bottom of the contact hole 302 as shown in FIG. 5A. 

40 

STEP (b): 

[0059] After the wafer W is inserted into the treat- 
ment vessel 1 0, the gate valve 1 0a is closed. The vessel 
45 1 0 is evacuated through the exhaust pipes 40 by means 
of the vacuum pump 41 to produce a vacuum atmos- 
phere of 1 mTorr or lower (133 Pa or lower). 

STEP (c): 

so 

[0060] The wafer W is cooled to room temperature 
or lower by the chiller supplied from the chiller supply 
unit 42 to the susceptor 20. 

55 STEP (d): 

[0061] N 2 (nitrogen) and H 2 (hydrogen) gases are 
supplied from the N-gas and H-gas sources 35 and 36 
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to the gas passage 33a, under the control of their flow 
rates through the flow-rate controller (MFC) 34, to gen- 
erate a mixture gas (N^hy, and the mixture gas is 
then supplied from the plasma gas introduction section 
33 to the plasma generation pipe 30 as a plasma gener- 
ating gas. 

STEP (e): 

[0062] A microwave (2.54 GHz) is generated from 
the microwave generator 32 and introduced into the 
cavity formed around the plasma generation section of 
the plasma generation pipe 30. The microwave causes 
plasma to be produced from the mixture gas (N2+H2). 
The plasma is activated to form active gas species of N* 
and H* radicals. In particular, the H2 gas, which is origi- 
nally hard to become plasmatic, can be changed into 
plasma with efficiency and then activated, together with 
the N 2 gas. The active gas species N* and H* are 
attracted to the vacuum atmosphere in the treatment 
vessel 1 0 and caused to flow from the plasma generat- 
ing section of the pipe 30 toward the opening (outlet) 
30a thereof. 

STEP (f): 

[0063] A reactive gas NF 3 is supplied from the NF 3 - 
gas source 28, provided outside the treatment vessel 
10, to the reactive-gas conduction pipe 26 through the 
flow-rate controller (MFC) 27 and then supplied from the 
gas exhaust holes 26a into the treatment vessel 10 like 
a shower. The NF 3 gas is added to the active gas spe- 
cies of N* and H* radicals generated by the plasma of 
N 2 and H 2 gases flowing from the opening 30a of the 
plasma generation pipe 30. The added NF 3 gas is thus 
activated by these active gas species NT and H\ 

STEP(g): 

[0064] By the activation of NF 3 gas and the syner- 
gistic effect of active gas species NT and H*. the native 
oxide film 80 of the wafer W shown in FIG. 5A is degen- 
erated into a reactive film 82 mixing Si, N, H, F and O, 
as shown in FIG. 5B. when the native oxide film 80 is 
degenerated, a chiller (e.g., ethylene glycol) is supplied 
into the susceptor 20 by the chiller supply unit 42, and 
the wafer W placed on the susceptor 20 is cooled to not 
higher than room temperature. 
[0065] This cooling increases the rate of etching 
using the IMF 3 active gas. As process conditions for the 
above treatment, it is preferable that the flow rates of H 2 , 
NF 3 and N2 be 10 seem, 30 seem and 100 seem, 
respectively, process pressure be 3 Torr, plasma power 
be 50W, and process time be about 3 minutes. 
[0066] Since the etching rate of etching species 
generated by reaction of NF 3 and H 2 gases is low, these 
gases are adsorbed by the etching surface to determine 
the etching rate. If the wafer is cooled down to not 



highs' than room temperature, the above adsorbing rate 
is increased and so is the etching rata 
[0067] As descrfced above, it is preferable that the 
step of degenerating the native oxide f3m 80 on the 

5 wafer W by the activation of NF 3 gas and the synergistic 
effect of active gas species NT and H* be executed at a 
temperature which is not higher than room temperature. 
FIG. 1 1 shows a relationship between cooling tempera- 
ture and etching rate in the degenerating step with 

10 respect to six cases. In this figure, the ordinate indicates 
the etching rate, while the abscissa does the cooling 
temperature of the wafer W at the start of the step. As is 
apparent from FIG. 11, since the control characteristic 
of etching becomes unstable when the cooling temper- 

15 ature exceeds 20°C, it is preferable that the cooling tem- 
perature be not higher than room temperature and 
range from 20°C to -20°C and from 10°C to -20°C. The 
data shown in FIG. 1 1 is obtained under the following 
experimental conditions: In the step of degenerating the 

20 native oxide film 80, ratio of H^/NFyis^ is 300:60:400 
seem, pressure is 4 Ton, power is 300W, and process 
time is 1 minute. In the sublimation step, temperature is 
140°C, time is 1 minute, and atmosphere is vacuum. 



[0068] After the native oxide film 80 is degenerated, 
the supply of h^, N 2 and NF 3 gases is stopped, as is the 
driving of the microwave generator 32, thereby stopping 
30 the introduction of microwaves into the plasma genera- 
tion pipe 30. The treatment vessel 10 is evacuated 
through the exhaust pipes 40 to produce vacuum. 

STEP (i): 

35 

[0069] The wafer-lifting means is driven to lift the 
wafer W up to the heating position at least 5 mm away 
from the susceptor 20. 



[0070] When the heating tamp 19 lights up, the 
wafer W is heated from above and its surface is quickly 
heated to a temperature of 100°C or higher (e.g., 
45 1 20°C) from room temperature. 

STEP (k): 

[0071 ] The reactive film 82 mixing Si, N, H, F and O 
50 is sublimated as gas 84 mixing Si, N, H, F and O by the 
heating lamp 19, as shown in FIG. 5C, and then elimi- 
nated and exhausted from the exhaust pipes 40. By this 
sublimation, the native oxide film 80 (reactive f Dm 82) is 
removed from the wafer W and thus silicon (Si) appears 
ss on the surface of the wafer W. As the process conditions 
for this step, it is preferable that process pressure is 1 
mTorr or lower and process time is about 2 minutes. 



25 STEP(h): 



30 



40 STEP (j): 
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STEP (I): 

[0072] The heating tamp 19 is extinguished. 
STEP (m): s 
[0073] Finally, the evacuation is stopped. 
STEP (n): 

[0074] The gate valve 10a is opened, and the 
wafer-lifting means is driven to lower the wafer W and 
return it on the susceptor 20. The wafer W from which 
the native oxide f am is removed, is taken out of the treat- 
ment vessel 10 and carried to its next chamber (e.g., a 
carrier chamber) in a vacuum atmosphere. 
[0075] The above oxide film includes not only SiOg 
but also W, Ti, Al, Ni and Co and a very thin oxide film 
(10A to 20A) grown on silictde of these elements. 
[0076] The surface treatment apparatus of the 
present invention constitutes a multi-chamber cluster 
system in combination with other treatment units such 
as a metal-wiring forming chamber, a heating chamber, 
a cooling chamber, a carrier chamber and a load-lock 
chamber. The constitution of the cluster system will now 
be described. 

[0077] FIG. 6 shows a vacuum cluster system 100 
capable of carrying a wafer in an unreactive atmosphere 
(e.g., a vacuum atmosphere). The system 100 includes 
a native oxide film removing chamber 101 which corre- 
sponds to the surface treatment apparatus of the 
present invention. A heating chamber 102, at least one 
metal-wiring forming chamber 103, and a load-lock 
chamber 104 are connected to the chamber 101 
through a carrier chamber 105. The metal-wiring form- 
ing chamber 103 forms metal wirings of Al, Ti t TIN, Si, 
W, WN, Cu, Ta and SiN on a subject to be treated by 
metal CVD. A gate valve 107 is interposed between 
adjacent chambers, and a carrier robot 106 is provided 
in the earner chamber 105. 

[0078] A wafer cassette containing wafers is trans- 
ported into the load-lock chamber 1 04, and the wafers 
are carried in the carrier chamber 105 and aligned with 
reference to their orientation flats. When the gate valve 
107 is opened, the carrier robot 106 carries the wafers 
into the native oxide film removing chamber 101 one by 
one. In the chamber 101. an oxide film is removed from 
the surface of each of the wafers, and the wafers are 
pre-heated in the heating chamber 102. After that, in the 
metal-wiring forming chamber 103, metal wirings such 
as Al and Ti are formed in the contact holes of the 
wafers by metal CVD. Finally, the wafers are returned to 
the load-lock chamber 104. 

[0079] FIG. 7 illustrates a vacuum cluster system 
200 capable of carrying a wafer in an unreactive atmos- 
phere. The system 200 includes a native oxide film 
removing chamber 201 corresponding to the surface 
treatment apparatus of the present invention. A heating 



chamber 202, at least one metal-wiring forming cham- 
ber 203, a cooling chamber 204, and a load-lock cham- 
ber 205 are connected to the chamber 201 through a 
carrier chamber 206. A gate valve 208 is interposed 
between adjacent chambers, and a carrier robot 207 is 
provided in the carrier chamber 206. 
[0080] In order to carry the wafers on which metal 
wirings are formed, from the chamber 203 which is usu- 
ally heated to a temperature of about 500°C, to the load- 
lock chamber 205, the wafers need to be cooled to a 
temperature (about 150°C) at which the chamber 205 
can receive the wafers. 

[0081] In the vacuum cluster systems shown in 
FIGS. 6 and 7, if the heating chambers 102 and 202 
have a means for heating the wafers to a temperature of 
100°C or higher, the heating means of the native oxide 
fflm removing chambers 101 and 201 can be excluded. 
[0082] The vacuum cluster systems so constituted 
have the advantages that a native oxide film can be pre- 
vented from being regenerated while the wafers are 
being carried in the atmosphere, time from removal of a 
native oxide f 3m to deposition need not be controlled, a 
water mark can be prevented from being produced, a 
native oxide film can be removed from the wafer in situ, 
and throughput is greatly improved. 
[0083] In the above-described surface treatment 
method and surface treatment apparatus according to 
the present invention, gas containing N and H is acti- 
vated as plasma gas to form an active gas species. The 
active gas species activates a reactive gas (NF 3 gas) 
and cools a subject to be treated to not higher than 
room temperature. These three gases are reacted with 
an oxide film formed on the surface of the subject to 
degenerate the oxide film into a reactive film. If the reac- 
tive film is sublimated by heating, the oxide film such as 
a native oxide film can be removed from the surface of 
the subject with high efficiency and at a high etching 
rate. 

[0084] In the foregoing embodiment, N 2 and H 2 
gases are employed as a gas containing N and H. This 
gas can be replaced with another gas such as ammo- 
nium. 

[0085] Furthermore, the shower head for jetting an 
activated gas is shaped like a ring or a grid. However, 
any other structure can be adopted for the shower head. 
[0086] The surface treatment apparatus of the 
present invention and other treatment apparatuses con- 
stitute a cluster system capable of carrying a subject to 
be treated in an unreactive atmosphere or in a vacuum. 
Therefore, no oxide film is formed on a wafer while the 
wafer is being carried, and the system throughput is 
enhanced as a whole. 

Claims 

1 . A surface treatment method characterized by com- 
prising the steps of: 



75 



20 



25 



30 



35 



40 



45 



50 



8 



15 



EP 1 001 454 A2 



16 



carrying a subject (W) to be treated, which has 
an oxide on a surface thereof, into a treatment 
vessel (10); 

evacuating the treatment vessel to produce a 
vacuum; 

introducing gas containing N and H gases into 
a plasma generation section (30). generating 
plasma from the gas, and activating the plasma 
to generate an activated gas species of N and 
H gases (35, 36); 

causing the activated gas species to flow 
toward the subject and adding an NF 3 gas to 
the activated gas species to generate an acti- 
vated gas of NF 3 gas (28); 
cooling the subject to not higher than a prede- 
termined temperature; and 
reacting the activated gas of NF 3 gas with the 
oxide on the surface of the subject to degener- 
ate the oxide into a reactive film. 

2. The surface treatment method according to claim 1 , 
characterized in that the gas containing N and H 
gases is a mixture gas of N 2 and H 2 gases, and the 
method further comprises the steps of: 

stopping supply of the N 2 , H 2 and NF 3 gases 
into the treatment vessel and heating the sub- 
ject to a predetermined temperature to subli- 
mate the reactive film, after the step of 
degenerating the oxide into the reactive film; 
and 

taking the subject from which an oxide film is 
removed, out of the treatment vessel. 

3. The surface treatment method according to claim 1 , 
characterized in that the predetermined tempera- 
ture at which the subject is cooled, is not higher 
than room temperature. 

4. The surface treatment method according to claim 1 , 
characterized in that the predetermined tempera- 
ture at which the subject is cooled, ranges from 
20°Cto -20°C. 

5. The surface treatment method according to claim 1 , 
characterized in that the predetermined tempera- 
ture at which the subject is cooled, ranges from 
10°Cto -20°C. 

6. The surface treatment method according to claim 2, 
characterized in that the predetermined tempera- 
ture at which the reactive film is sublimated, is not 
lower than 100°C. 

7. A surface treatment apparatus characterized by 
comprising: 



a plasma generation section (30) for generating 
plasma from a plasma generating gas (35, 36); 
a treatment vessel (10) connected to the 
plasma generation section and including a sus- 
5 ceptor (20) on which a subject (W) to be treated 

is placed; 

cooling means (22, 23) for cooling the subject 
placed on the susceptor to a predetermined 
temperature; 

io lifting means (24, 24a, 25) for lifting the subject 

to a heating position in the treatment vessel; 
and 

heating means (19) for heating the subject to a 
predetermined temperature in the heating posi- 
15 tion. 

8. The surface treatment apparatus according to claim 
7, characterized in that is an apparatus for remov- 
ing a native oxide film from a surface of the subject 

20 to be treated. 

9. A surface treatment apparatus according to daim 7, 
characterized by further comprising: 

25 a plasma generating gas introduction section 

(33) for introducing N 2 and H2 gases to the 
plasma generation section as a plasma gener- 
ating gas; and 

an NF 3 -gas supply section for adding an NF 3 
30 gas to an activated gas species of N 2 and H2 

gases activated by the plasma generation sec- 
tion and caused to flow toward the subject to be 
treated, 

wherein an activated gas of NF3 gas is gener- 
35 ated by adding the NF3 gas to the activate gas 

species, and the activated gas is reacted with a 
surface layer of the subject to degenerate the 
surface layer. 

40 10. The surface treatment apparatus according to claim 
7, characterized in that the predetermined temper- 
ature at which the subject placed on the susceptor 
is cooled, is not higher than room temperature. 

45 11. The surface treatment apparatus according to daim 
7, characterized in that the predetermined temper- 
ature at which the subject placed on the susceptor 
is cooled, ranges from 20°C to -20°C. 

so 1 2. The surface treatment apparatus according to daim 
7, characterized in that the predetermined temper- 
ature at which the subject placed on the susceptor 
is cooled, ranges from 10°C to -20°C. 

55 13. The surface treatment apparatus according to daim 
7, characterized in that the predetermined temper- 
ature at which the subject is heated at the heating 
position, is not lower than 100°C. 
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1 4. The surface treatment apparatus according to claim 
9. characterized in that the NF 3 -gas supply section 
includes a number of gas exhaust holes (26a) 
formed in an inner wall (13) of the treatment vessel. 

5 

15. The surface treatment apparatus according to claim 
9, characterized in that the NF 3 -gas supply section 
includes a shower head (261b, 262b) having a 
number of gas exhaust holes provided in the treat- 
ment vessel. 10 

1 6. The surface treatment apparatus accorcfing to claim 
9, characterized in that the NF 3 -gas supply section 
supplies the NF 3 gas to the activate gas species in 
position at least 20 cm away from an end of the 75 
plasma generation section in a direction of the sub- 
ject to be treated. 

1 7. The surface treatment apparatus according to claim 

7, characterized in that the heating means is heat 20 
radiation means provided above the subject to be 
treated. 

18. The surface treatment apparatus according to claim 

7, characterized in that the heating means is a heat- 25 
ing lamp provided above the subject to be treated. 

1 9. The surface treatment apparatus according to claim 
7, characterized by comprises a cluster system 
(200) including at least one metal-wiring forming so 
chamber (103), a heating chamber (102), and a 
load-lock chamber (104) such that the subject is 
carried through a carrier chamber (105) in an unre- 
active atmosphere. 

35 

20. The surface treatment apparatus according to claim 
7, characterized by comprises a cluster system 
including at least one metal-wiring forming cham- 
ber, a heating chamber, a cooling chamber, and a 
load-lock chamber such that the subject is carried 40 
through a carrier chamber in an unreactive atmos- 
phere. 

21. The surface treatment apparatus according to one 

of claims 1 9 and 20, characterized in that the metal- 45 
wiring faming chamber is a chamber for forming a 
film of at least one of Al, Ti, TIN, Si, W, WN. Cu. Ta. 
TaN and SiN. 

22. The surface treatment apparatus according to one so 
of claims 1 9 and 20. characterized in that the metal- 
wiring forming chamber includes means for heating 
the subject to a temperature of 100°C or higher. 
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